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BACKGROUND OF THE INVENTION 

The present invention relates to an oil free 
screw compressor which synchronously rotates a pair of 
screw rotors without being in contact^ and more 
5 particularly to an oil free screw compressor preferable 
for being driven by a high speed motor. 

A conventional oil free screw compressor is, 
for example, as described in Japanese Patent Unexamined 
Publication No. 6-34 6881, structured such as to increase 

10 a rotational speed of a motor by using a belt and a gear 
so as to rotate a screw compressor main body. Further, 
in Japanese Patent Unexamined Publication No. 3-151592, 
there is described an embodiment of connecting a speed 
increasing gear apparatus receiving a speed increasing 

15 gear within a casing to a rotor shaft having a screw 
gear formed thereon via a coupling. 

In this case, in the screw compressor, in 
addition to an operation control such as a load, an 
unload and the like^ a capacity control for controlling 

20 an opening and closing operation of a suction throttling 
valve in accordance with a consumption requirement in 
the demand side is performed. As an example of the 
capacity control, there is described in Japanese Patent 
Unexamined Publication No. 59-93989 a structure in which 

25 a valve plate for the suction throttling valve is 
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mounted to a front end of an air cylinder operated by a 
pressure of the compressor itself and an amount of a 
suction air is adjusted at two stages by moving the 
valve plate • 

5 Here, the compressor described in Japanese 

Patent Unexamined Publication No. 6-346881 mentioned 
above requires a lot of parts such as a bearing for 
rotating and supporting a speed increasing gear, a 
rotary shaft for mounting the speed increasing gear, a 
10 belt and a pulley for transmitting a power having an 

increased speed and the like in addition to a gear case 
for receiving the speed increasing gear, thereby causing 
an increase of a cost for the compressor. Further, in 
this compressor, an electric motor for driving the screw 
15 rotor is enlarged, and accordingly, the compressor is 
insufficient in view of making small-sized a whole of 
the compressor unit including a stand for fixing the 
electric motor. 

Further, in the compressor described in 
20 Japanese Patent Unexamined Publication No. 3-151592, 

since the speed increase is not performed by the belt, a 
speed increasing rate in the speed increasing gear is 
increased, and a gear case for receiving the speed 
increasing gear is enlarged. Then, in order to make the 
25 compressor as series of widely used compressors, it is 
necessary to combine various kinds of compressor main 
bodies and speed increasing gear apparatuses, thereby 
causing an increase of a cost in view of preparing 



various kinds of compressors. 

Still further, in the compressor described in 
Japanese Patent Unexamined Publication No. 59-93989, 
since an air for operating a suction throttling valve is 
supplied to an air cylinder at every time when a line 
pressure is changed, a three-way electromagnetic valve 
is connected to an air cylinder and a supply hole for 
the operating air in the air cylinder is switched by the 
three-way electromagnetic valve. As mentioned above, 
since it is necessary to provide with the three-way 
electromagnetic valve, a structure of a flow rate 
control system becomes complex as well as the compressor 
becomes expensive. Further, in order to cancel an 
unloading at a time of start, a plurality of three-way 
electromagnetic valves are required, so that a structure 
of a capacity control apparatus becomes complex. In any 
one of the compressors mentioned above, a certain degree 
of consideration is given to making the compressor 
compact, however, a more compact structure is desired. 

SUMMARY OF THE INVENTION 

The present invention is made in view of the 
problems mentioned above in the conventional arts, and 
an object of the present invention is to make a 
structure of a compressor unit simple. Another object 
of the present invention is to making a compressor unit 
compact so as to realize a compressor unit having a 
great freedom for placing. The other object of the 
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present invention is to realize an inexpensive compres- 
sor unit having a reduced cost. The other object of the 
present invention is to make elements in a side of a 
compressor main body common with elements in a side of 
5 an electric motor so as to realize a compressor unit 
having a high reliability. 

In order to achieve the objects mentioned 
above, in accordance with the present invention, there 
is provided an oil free screw compressor comprising a 

10 motor shaft to which a motor rotor is mounted, a motor 
casing for holding a motor stator arranged in opposite 
to the motor rotor, a male rotor in which a screw-like 
male tooth shape is formed, a female rotor in which a 
screw-like female tooth shape is formed, and a casing 

15 for receiving the male rotor and the female rotor. In 
the above structure, a first feature is that a rota- 
tional speed of the motor is made equal to a rotational 
speed of at least one of the male rotor and the female 
rotor. 

20 In this structure, the rotational shaft formed 

in any one of the male rotor and the female rotor and 
the motor shaft may be an integral rotary shaft. 
Further, the structure may be made such that a first 
gear is provided in a side of one end of any one of the 

25 male rotor and the female rotor, a second gear meshing 
with the first gear is provided in a side of one end of 
the motor shaft, and a ratio of a number of teeth 
between the first gear and the second gear may be set to 
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be substantially one to one. 

In order to achieve the objects mentioned 
above, a second feature of the present invention is that 
a rotational speed of a high frequency electric motor is 
5 made equal to a rotational speed of at least one of the 
male rotor and the female rotor. 

Preferably, the structure is made such that a 
first gear is provided in a side of one end of any one 
of the male rotor and the female rotor, a second gear 

10 meshing with the first gear is provided in a side of one 
end of the high frequency electric motor, and a ratio of 
a number of teeth between the first gear and the second 
gear is set to be one to one. Further, the structure is 
preferably made such that a roller bearing for rotatably 

15 supporting the male rotor and the female rotor is 

provided in each of the rotors, and a roller bearing 
having the same size as that of the roller bearing is 
provided in the high frequency electric motor. More 
preferably, the structure is made such that a screw seal 

20 for sealing a lubricating oil supplied to the roller 
bearing for supporting the male rotor and the female 
rotor is provided in each of the rotors, a screw seal 
for sealing a lubricating oil supplied to the roller 
bearing provided in the high frequency electric motor is 

25 provided, and sizes of the screw seals are made equal to 
each other. 

In order to achieve the objects mentioned 
above, a third feature of the present invention is that 
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a high speed motor driven by a high frequency inverter 
is connected to a suction side of the compressor main 
body, the high speed motor has a motor shaft in which 
the motor rotor is formed, a third bearing for rotating 
5 and supporting the motor shaft and a second shaft 

sealing apparatus for preventing a lubricating oil for 
lubricating the third bearing from entering within the 
high speed motor, the first, second and third bearings 
are made the same with respect to each other, and the 

10 first shaft sealing apparatus and the second shaft 
sealing apparatus are made the same. 

It is desirable to fit the first gear to the 
shaft end of the rotor, fit the second gear meshing with 
the first gear to the shaft end of the high speed motor 

15 in a load side, and to set the ratio of the number of 

the teeth between the first and second gears to a range 
from two to one to one to two. Further, it is desirable 
to directly connect the shaft end of the male rotor 
provided in the compressor main body to the shaft end in 

20 the load side of the high speed motor by means of a 
coupling or a spline. Further, it is desirable to 
provide with bearings supporting the male rotor and 
positioned at both end portions of the rotor, a motor 
rotor positioned between one of the bearings and a gear 

25 groove portion of the male rotor and fitted to the male 
rotor, a motor stator opposing to the motor rotor and a 
motor casing for holding the motor stator, and connect 
the motor casing to the suction side of the casing. 



More preferably, the structure is made such 
that the compressor main body and the high speed motor 
are integrally formed, a common table which receives an 
after cooler for cooling a compressed air compressed in 
the compressor main body, a pre-cooler and an oil cooler 
for cooling a lubricating oil is provided, and the 
integrated compressor main body and high speed motor are 
arranged above the common table. Further, the structure 
may be made such that an air cooler for cooling an 
operating air compressed in the compressor main body is 
provided in a downstream side of the compressor main 
body, a check valve is provided in a further downstream 
portion of the air cooler, an air discharging pipe 
passage diverging from an upstream side of the check 
valve and having an air discharging cooler and an aid 
discharging valve is provided, and an air discharging 
valve control apparatus which closes the air discharging 
valve at a time of starting the compressor main body and 
operating it under no load and opens the air discharging 
valve at a time of operating it under a load is 
provided. 

Accordingly, the following effects can be 

obtained. 

(1) A speed increasing apparatus such as a 
speed increasing gear, a belt and the like is not 
required, so that it is possible to make the oil free 
screw compressor unit compact, light and inexpensive. 

(2) A capacity control apparatus for the 
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suction throttling valve ^ the three way electromagnetic 
valve and the like is not required^ so that it is 
possible to make the structure of the oil free screw 
compressor unit simple and inexpensive. 
5 (3) Since it is possible to employ the 

rotating system conventionally having a high reliability 
to the electric motor system and the compressor main 
body system by making an oscillation mechanical struc- 
ture common between the electric motor system and the 

10 compressor main body system, it is possible to provide 
an oil free screw compressor unit capable of stably 
rotating to a high speed range* 

(4) It is possible to make the oil free screw 
compressor inexpensive and improve a reliability by 

15 making parts common between the electric motor system 
and the compressor main body system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top vertical cross sectional view 
which shows an embodiment of an oil free screw 
20 compressor in accordance with the present invention; 

Fig. 2 is a front vertical cross sectional 
view which shows the embodiment of the oil free screw 
compressor in accordance with the present invention; 

Fig. 3 is a vertical cross sectional view 
25 which shows details near a bearing portion in a load 
side in Fig. 1; 

Fig. 4 is a vertical cross sectional view 
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which shows details near a bearing portion in an 
opposite load side in Fig. 1; 

Fig. 5 is a top vertical cross sectional view 
which shows another embodiment of an oil free screw 
5 compressor in accordance with the present invention; 

Fig. 6 is a front elevational view which shows 
a state of packaging the oil free screw compressor in 
accordance with the present invention; 

Fig. 7 is a side elevational view of Fig. 6, 
10 which partly shows by a cross section; and 

Fig. 8 is a systematic view of a compressed 
air of ah oil free screw compressor in accordance with 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 An embodiment of the present invention will be 

described below with reference to Figs. 1 to 4 . Fig. 1 
is a view which shows a top elevational view of an oil 
free screw compressor driven by a high speed motor in 
accordance with the present invention by a cross 
20 section. Fig. 2 is a view which shows a front eleva- 
tional view by a cross section, and Figs. 3 and 4 are 
vertical cross sectional views which show details of a 
supporting portion in a motor shaft. A compressor main 
body 1 is structured such that tooth groove portions of 
25 a pair of male rotor 2 and female rotor meshing with 
each other is received in a casing 4 and drive sides 
thereof are received in a suction side casing 5, 
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respectively. Then^ the male rotor 2 and the female 
rotor 3 are rotatably supported by a suction side 
bearing 6 and a discharge side bearing 7 in which a 
lubricating oil is forcibly lubricated. In this case, a 
5 cylindrical roller bearing is employed in the suction 
side bearing 6, and an angular ball bearing is employed 
in the discharge side bearing 7 in combination with the 
cylindrical roller bearing. 

A pair of timing gears 8 and 9 are fitted to 

10 the discharge side shaft ends of the male rotor 2 and 
the female rotor 3, thereby synchronously rotating the 
tooth groove portions of the male rotor 2 and the female 
rotor 3. A shaft sealing apparatus is provided between 
the suction side bearing 6 and the discharge side 

15 bearing 7 and between the tooth gear portions of the 

male rotor 2 and the female rotor 3. The shaft sealing 
apparatus is provided with an air seal 10 for preventing 
an air from leaking from a compression chamber formed by 
the tooth gear portions of the male rotor 2 and the 

20 female rotor 3 and the casing 4 as much as possible, and 
a screw seal 11 called as a viscous seal for preventing 
a lubricating oil supplied to the bearing portion from 
entering to the compression chamber. 

A cooling jacket 12 is provided in an outer 

25 peripheral portion of the casing 4, and a liquid 

refrigerant such as a cooling water, a coolant or the 
like is supplied thereto. A part of heat generated 
within the compressor main body 1 exchanges heat with 
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the supplied cooling water or liquid refrigerant and 
heated to be discharged outward. 

A high speed motor 21 is provided with a motor 
shaft 25 in which a rotor core 26 is mounted at a center 
5 portion, a load side bearing 29 rotatably supporting 

portions near both end portions of the motor shaft, and 
an opposite load side bearing 30. Further, in opposite 
to the rotor core 26, a stator core 27 around which a 
stator coil 28 is wound is held to the motor casing 23. 
10 A load side bearing cover 22 which holds the load side 

bearing 29 for supporting the motor shaft 25 and consti- 
tuting a casing together with the motor casing 23 is 
provided at an end portion of the load side shaft. In 
the same manner, an opposite load side bearing cover 24 
15 which holds the opposite load side bearing 30 for 

supporting the motor shaft 25 and constituting a casing 
together with the motor casing 23 is provided at an end 
portion of the opposite load side shaft. In this case, 
an outlet portion (not shown) for taking out a lead wire 
20 31 of the stator coil 28 is formed in the opposite load 
side bearing cover 24. 

A cylindrical roller bearing for supporting a 
radial load is employed for the load side bearing 29, 
and a combined angular ball bearing capable of support- 
25 ing both of the radial load and a thrust load is 

employed for the opposite load side bearing 30. A size 
of each of the bearings is set to be equal to that of 
the compressor main body. Further, the load side 
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bearing 29 and. the opposite load side bearing 30 are 
fixed by bearing keepers 32 and 33 after being fitted to 
the covers 22 and 24 on the outer peripheral surface. 
Oil supply holes 34 and 35 are formed in the bearing 
5 keepers 32 and 33. 

A shaft sealing apparatus for preventing a 
lubricating oil from entering to the stator coil side is 
provided between the load side bearing 29 and the rotor 
core 26 and between the opposite load side bearing 30 

10 and the rotor core 26. The shaft sealing apparatus is^ 
as shown in Figs. 3 and 4 in a detailed manner, provided 
with viscous seals 41 and 42, a corrugated spring 44 for 
pressing the viscous seals 41 and 42, and a seal keeper 
43 for holding the viscous seals 41 and 42 in the covers 

15 22 and 24 via a stopper ring 45. The viscous seals 41 
and 42 have a fine gap with respect to the motor shaft 
25 in an internal diameter side. Further, a screw seal 
having a rectangular screw shaped groove portion is 
formed in the inner diameter side of the viscous seals 

20 41 and 42. Further, in an outer peripheral portion of 
the motor casing 23, in order to radiate a heat 
generated in the high speed motor, a motor side cooling 
jacket 47 is provided, and a liquid coolant such as a 
cooling water, a coolant or the like is supplied to the 

25 cooling jacket. 

A motor side flange 4 6 is formed at the end 
portion in the side of the compressor main body of the 
load side bearing cover 22, and is fastened by a flange 
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16 formed in the casing 4 and a bolt. A drive side gear 
19 is fitted to the shaft end in the load side of the 
motor shaft 25, and a driven side gear 18 is fitted to 
the shaft end in the suction side of the male rotor 2. 
5 Numbers of the teeth in both of the gears 18 and 19 are 
equal to each other ^ and a speed increasing ratio is 1. 
The lead wire 31 of the high speed motor is connected to 
the high frequency inverter 20. 

When energizing the high frequency inverter 

10 20^ an electric power is supplied to the side of the 
high speed motor 21 • As a result, a rotational force 
generated in the motor shaft 25 is transmitted to the 
male rotor 2 via a pair of gears 18 and 19, and an air 
is compressed by a meshing between the rotor tooth 

15 groove portions in the respective rotors. 

A lubricating oil is introduced to the oil 
supply holes 34 and 35 from an oil pump (not shown) via 
oil supply nozzles 36 and 31, and jet injected to an 
inner portion of the bearing from the oil supply holes 

20 34 and 35. The lubricating oil after lubricating and 
cooling the bearing is discharged out of the machine 
from the oil discharge holes 38 and 39, and is finally 
recovered in an oil reserving apparatus . The 
lubricating oil passes between an inner ring and an 

25 outer ring at a time of lubricating the bearing. 

Thereafter, the lubricating oil discharged from the 
bearing flows into the viscous seals 41 and 42, however, 
a pressure is generated in a groove portion in the side 
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of the inner diameter of the viscous seal when the motor 
shaft 25 rotates^ thereby returning the lubricating oil 
to the respective bearing sides. As a result r it is 
possible to prevent the oil from entering to the side of 
5 the motor coil 28. 

The stator core 27 and the stator coil 28 
within the high speed motor 21 generates heat in 
accordance with an electric loss such as an iron loss, a 
copper loss and the like. It is possible to cool the 

10 motor 21 by exchanging heat between the motor 21 having 
a temperature increased in accordance with the heat 
generation and a liquid refrigerant such as a cooling 
water supplied to the cooling jacket 47 provided in the 
motor casing 23. 

15 The oil free screw compressor is structured 

such that a diameter of the male rotor is about 90 mm 
and a number of rotation is about 20000 rpm in the case 
of a single stage type, an output of 55 kW class and a 
discharge pressure of 7 kgf/cm^. When setting the gear 

20 ratio between the drive gear and the driven gear to one 
to one, a set frequency of the high frequency inverter 
becomes about 330 Hz if a number of the poles in the 
high speed motor is two. 

In this case, in accordance with the present 

25 embodiment/ in order to realize a commonness of the 

parts and a stable high speed rotation, the side of the 
compressor main body and the side of the high speed 
motor are made in substantially the same structure in 
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view of an oscillation mechanics. That is, the com- 
pressor main body and the electric motor are connected 
to each other by a gear provided at the shaft end of the 
rotational shafts^ however, when considering the shaft 
5 separated at this portion, the structure of motor shaft 
and the female rotor shaft and the supporting portions 
for the male rotor shaft are made in a similar struc- 
ture. Concretely speaking, bearings 13 and 30 for 
supporting the respective shafts are made of the same 

10 module type, and the bearings 6, 7 and 29 are made of 

the same module type. Further, the viscous seals 11 and 
24 are formed in the same shape. Still further, a 
method of supplying an oil to the bearing is performed 
by a spray lubrication, and they coincide with each 

15 other in view of providing the cooling jacket in the 
outer peripheral side of the motor and the outer 
peripheral side of the compressor main body. 

In this case, since the compressor main body 
is connected to the high speed motor by the gear having 

20 a speed increasing ratio of one to one, that is, an 

equal speed, a number of rotation in a specification of 
the compressor can be obtained as it is when increasing 
the high speed motor to the number of rotation in the 
specification of the compressor by the high frequency 

25 inverter. Therefore, in accordance with the present 

invention, none of the speed increasing apparatuses is 
required. Since the high speed motor is used at a range 
of the great number of rotation, the required motor 
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torque becomes small. Accordingly ^ the stator core and 
the stator coil are made compact. As mentioned above^ 
when connecting the compressor main body to the high 
speed motor at a speed increasing ratio of one to one, 
it is possible to make a size of a whole of the drive 
system for driving the compressor small, so that it is 
possible to make the compressor unit compact and 
inexpensive. 

In this case, in accordance with the present 
embodiment, the high speed motor and the compressor main 
body are connected to each other at a speed increasing 
ratio of one to one, however, the speed increasing ratio 
is not limited to this, and the effect of the present 
invention can be obtained since it is not necessary to 
make the size of the motor and the size of the gear used 
for reducing and increasing the speed very large as far 
as the ratio is within the range between the speed 
increasing ratio of two to one and the speed reducing 
ratio of about one to two. In this case, the motor can 
be made compact when the speed increasing ratio is 
increased, however, the size of the speed increasing 
apparatus and the cost required for the speed increasing 
apparatus are increased/ so that it is not preferable. 
On the other hand, it is considered to increase the 
number of rotation of the motor so as to employ the 
speed reducing apparatus, however, it is hard to make 
the motor high speed, so that it is not practical. 
Further, in accordance with the present embodiment, the 
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motor shaft and the rotational shaft of the male rotor 
are connected by using the gear, however, it is needless 
to say that it may be a uniform coupling such as a gear 
coupling and a diaphragm coupling, or uniform coupling 
5 means such as a combination of a spline and a spline 
coupling. 

Next, another embodiment in accordance with 
the present invention will be described below with 
reference to Fig. 5. In the case that parts shown in 

10 Fig. 5 and the parts shown in the embodiment mentioned 
above are the same, the same reference numerals are 
attached. A point at which the present embodiment is 
different from the embodiment shown in Fig. 1 is that a 
structure that the shaft of the male rotor 2 in the 

15 compressor main body 1 and the motor shaft of the high 

speed motor 21 are integrally formed. In other words, a 
compressor main body la and each of parts in the side of 
the high speed motor except a structure of connecting 
the male rotor shaft to the rotational shaft of the high 

20 speed motor are basically the same as those of the 
embodiment mentioned above. 

The stator core 27 and the stator coil 28 are 
mounted to a motor casing 23a. The rotor core 26 of the 
high speed motor is mounted to a suction side shaft 

25 portion 2b of a male rotor 2a having a male tooth shape 
formed in a middle portion. The male rotor 2a is 
rotatably supported by the discharge side bearings 7 and 
13 in the side close to the shaft end from the male 
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tooth portion and by an opposite load side bearing 30a 
in the side further closer to the end portion from the 
rotor core 26, A female rotor 3a is supported in the 
same manner as that of the male rotor 2a by the 
5 discharge side bearings 7 and 13 in the discharge side 
and by a suction side bearing 6a in the suction side. 
However, as is different from the embodiment mentioned 
above, the gear is not mounted to the suction side end 
portion. A cylindrical roller bearing and a combined 

10 angular bearing are employed for the suction side 
bearings 7 and 13 of the male rotor and the female 
rotor, and a grease lubricating type roller bearing 6a 
is employed for the suction side bearing 6a in the side 
of the female rotor. As a cooling structure for 

15 radiating a heat generated in the compressor main body 
and the high speed motor, a heat radiating fins 48 and 
49 are respectively formed on an outer peripheral 
portion of the casing 2 and an outer peripheral portion 
of the motor casing 23. 

20 In the present embodiment structured in this 

manner, in comparison with the preceding embodiment, the 
suction side bearing and the shaft sealing apparatus in 
the male rotor side, the load side bearing and the shaft 
sealing apparatus in the high speed motor side, and the 

25 gear transmitting the power of the high speed motor are 
not required, it is possible to make the drive system 
apparatus including the compressor main body compact and 
inexpensive. Here in the present embodiment, the shaft 
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of the male rotor is commonly used with the motor shaft, 
however r it is needless to say that the shaft of the 
female rotor can be commonly used with the motor shaft. 

Next, a description will be given of a state 
5 of arranging the oil free screw compressor having the 
compressor main body and the electric motor integrally 
formed and described in any one of the embodiments 
mentioned above within a package, with reference to 
Figs- 6 and 7. After integrating the compressor main. 

10 body with the high speed motor, the integrally assembled 
product is arranged above a main body table 51 commonly 
serving as a cooling device. Two chambers are formed by 
parting the main body table 51- A first chamber 51a 
corresponds to a chamber for receiving a cooling device 

15 of a compressed air, and receives a pre-cooler 52 for 
primarily cooling an air, an after cooler 53 for 
secondarily cooling an air and a discharged air cooler 
54 for cooling a discharged air at a time of unloading. 
A second chamber 51b corresponds to a chamber used as an 

20 oil reservoir, and receives an oil cooler 55 for cooling 
a lubricating oil. 

The pre-cooler 52, the after cooler 53 and the 
discharged air cooler 54 are provided with U-shaped 
cooling pipes, and a cooling water is passed through an 

25 outer side of each of the pipes. On the other hand, the 
oil cooler 55 is also provided with a U-shaped cooling 
pipe, and a lubricating oil is introduced to an outer 
side of the pipe. A header 57a in which a check valve 
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56 is mounted is provided on a side surface of the first 
chamber 51a in the main body table, and a cooling water 
header 57b having cooling water inlet and outlet ports 
is provided on a side surface of the second chamber 51b. 
5 The compressor main body 1 and the pre^cooler 52 are 

connected to each other by a discharge pipe 58, and oil 
discharge ports 35 and 36 of the high speed motor 21 and 
the oil cooler 55 are connected to each other by oil 
discharge pipes 59 and 60. In this case, a suction 

10 filter 90 is mounted to the suction side of the compres- 
sor main body 1, and an air discharge pipe 98 having an 
air discharge valve 91 interposed is mounted to the 
discharge side. An air discharge silencer 83 is mounted 
to a front end portion of the air discharge pipe. Then, 

15 the main body table 51, the compressor main body 1, the 
high speed motor 21 and the suction and outlet pipe 
systems are received within a casing 95 so as to 
constitute a package type oil free screw compressor. 

It is possible to shorten a length of the pipe 

20 connecting between the integrally assembled product and 
each of the coolers by integrally assembling the com- 
pressor main body and the high speed motor and arranging 
the integrally assembled product immediately above the 
main body table for receiving the pre-cooler, the after 

25 cooler and the like, and it is possible to reduce a 

wasteful space within the compressor package and make 
the compressor unit compact and light by making a 
longitudinal size of the main body table substantially 
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equal to a longitudinal size of the integrally assembled 
product • 

Next, a description will be given of a case of 
controlling a number of rotation in the oil free screw 
5 compressor described in the embodiments shown in Fig. 1 
or Fig. 5 by using an inverter, with reference to Fig. 
8. In the conventional oil free compressor, an unload 
assembled product is arranged in the suction side of 
the compressor main body. The unload assembled product 

10 has an air cylinder^ a suction throttling valve, an air 
discharging valve, an unload body and the like. 

On the other hand,^ in accordance with the 
present invention, a capacity control apparatus is not 
provided in the suction side of the compressor, but the 

15 suction filter is directly arranged therein. Further, 
the compressor main body 1, the pre-cooler 52 for 
primarily cooling the compressed air having a high 
temperature, the check valve 55 and the after cooler 53 
for secondarily cooling the compressed air having a high 

20 temperature are successively connected by the discharge 
pipe 58. Then,, the air discharge pipe 93 is arranged in 
a primary side of the check valve 55 and a secondary 
side of the pre-cooler, and the air discharge electro- 
magnetic valve 91 is provided in the air discharge pipe 

25 93. An operation of the air discharge valve 91 is 

changed in accordance with an operating state of the 
compressor and a number of rotation of the compressor 
main body. The operating state is shown in Table 1. 
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TABLE 1 



Operating state 
compressor 


Number of rotation of 
compressor main body 


Air discharge 
valve 


Starting time 


0 -> 20000 rpm 


Open 


Loading time 


10000 < — > 20000 rpm 


Close 


Unloading time 


10000 rpm constant 


Open 



Here, in this case, a maximum used number of 
rotation of the compressor main body is set to 20000 
rpm, and a half thereof, i.e. 10000 rpm, is set to an 
unloading time nximber of rotation, that is, a lower 
5 limit number of rotation. 

At a time of starting, the compressor main 
body is accelerated to the maximum number of rotation by 
a control apparatus (not shown) . At this time, when 
opening the air discharge valve 91, the compressed air 

10 is discharged and the discharge pressure is reduced, so 
that it is possible to reduce a load in the side of the 
inverter- At a time of loading, a pressure sensor 92 
detects an increase or reduction of an amount of a used 
air in a side of a demand line, and the inverter 

15 controls the number of rotation of the compressor main 
body so that the pressure at the outlet of the compres- 
sor unit detected by the pressure sensor 92 becomes 
constant, whereby an amount of the discharged air is 
controlled. 

20 When the amount of the used air is reduced in 
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the load state , the control apparatus reduces the number 
of rotation of the compressor. When the amount of the 
used air is subsequently reduced, the number of rotation 
of the compressor reaches the lower limit value 10000 
5 rpm. In this state, when the pressure sensor 92 further 
detects an increase of the pressure, the control 
apparatus judges that the compressor is in an unload 
operating state, so that the control apparatus outputs a 
command of opening the air discharge valve 91. When 

10 opening the air discharge valve 91 so as to discharge 
the compressed air, the number of rotation of the 
compressor becomes the lower limit value, the discharge 
pressure is low and the power of the compressor is 
small. In this case, in accordance with the present 

15 embodiment, the electromagnetic valve which can be 

electrically opened and closed by the detected pressure 
of the pressure sensor 92 is employed for the air 
discharge valve 91, however, the present invention is 
not limited thereto. 

20 In the present embodiment structured in the 

manner mentioned above, since the inverter and the air 
discharge valve are combined, the conventionally used 
unloading apparatus is not required. 



